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1. 

VECTOR SUM CIRCUIT FOR DIGITALLY 
CONTROLLED WIDEBAND PHASE SHIFTER 

FIELD OF THE INVENTION 

This disclosure relates to digitally controlled circuits. 

BACKGROUND OF THE INVENTION 

In phased array systems, for example, phased array radar 
systems, it is often desirable to control the phase of the 
received and/or transmitted signal at each element of the 
phased array. It is desirable for such control to be achieved 
accurately and over a wide bandwidth offrequencies. Circuits 
for providing vector Sums using metal oxide semiconductor 
field effect transistors (MOSFETs) have been developed 
because MOSFETs provide a large number of control states 
for a given size. However, the realization of a vector sum 
topology using NPN transistors, which provide a higher tran 
sition frequency (Ft), has proven difficult because of the foot 
print needed to implement a vector sum circuit using NPN 
transistors. For example, a six bit phase shifter has sixty-four 
(64) control states. Implementing a circuit having 64 or more 
CMOS control devices implemented as NPN transistors 
results in a circuit footprint that is too large to be practicable. 
Circuits using NPN transistors solely for the differential input 
pair to the circuit, but utilizing MOSFETs for current steering 
have provided some improvement in performance, howevera 
circuit which achieves the full performance advantages of 
NPN transistors for current steering is desired. 

SUMMARY 

A vector Sum circuit provides an RF output signal at a 
constant magnitude across multiple phase offsets. The vector 
sum circuit receives a differential RF input which is applied to 
a quadrature network to produce four RF inputs at phases 90° 
apart with respect to each other. For each RF input, three 
cascodes are connected in parallel Such that the emitter elec 
trodes of each transistor in the three cascodes are commonly 
connected to the associated RF input. The collector electrodes 
of each of the three cascodes are connected to one of: a first 
output terminal for the vector Sum circuit; a second output 
terminal for the vector Sum circuit, or a Voltage rail. 

The cascodes include a plurality of NPN transistors con 
nected in a cascode configuration. For a given set of three 
cascodes corresponding to a given RF input, each cascode has 
the same number of NPN transistor which are arranged such 
that each NPN transistor of the first cascode corresponds to an 
NPN transistor in the second and third cascodes. Each corre 
sponding set of NPN transistors defines a weighting stage for 
each RF input. 
A control circuit applies a bias Voltage to the base electrode 

of each NPN transistor in each cascode. For a given RF input, 
the control circuit provides signals to the three NPN transis 
tors defining a weighting stage such that only one of the three 
associated NPN transistors conducts at a give time. In this 
manner, current from the RF input may be selectively steered 
to either the first or second output terminal or to the voltage 
rail. 
The circuit is implemented in a space saving design where 

for each RF input, there are two feed lines. One of the feed 
lines is positioned such that is shared between the emitter 
electrodes of two of the three cascodes associated with the RF 
input. Additionally, output paths from the cascodes to the 
output terminals and the Voltage rail may be positioned Such 
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2 
that the output line is shared between two cascodes associated 
with two of the RF inputs, the two cascodes providing a path 
to the same output point. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a vector Sum circuit according 
to an embodiment of the disclosure; 

FIG. 2 is a graphical diagram illustrating a constant mag 
nitude vector over all phase angles according to an embodi 
ment of the disclosure; 

FIG. 3 is a block diagram of a vector Sum circuit according 
to an embodiment of the disclosure; 

FIG. 4 is a schematic diagram of the vector sum circuit of 
FIG.3: 

FIG.5A(1), FIG. 5A(2), FIG. 5B(1) and FIG. 5B(2) show 
a table of vector Sum weights for producing constant magni 
tude vectors for any phase angle according to an embodiment 
of the disclosure; 

FIG. 6 is a plan view of the vector sum circuit of FIG. 4; 
FIG. 7 is a plan view in greater detail of the vector sum 

circuit of FIG. 6; 
FIG. 8 is a graphical depiction of phase versus frequency 

for a range of phase angles generated by a vector Sum circuit 
according to an embodiment of the disclosure; and 

FIG. 9 is a graphical depiction of gain change over phase 
steps for a vector Sum circuit according to an embodiment of 
the disclosure. 

DETAILED DESCRIPTION 

FIG. 1 is a block diagram showing an operational flow for 
phase shifting input signals using a vector Sum circuit accord 
ing to an embodiment of the disclosure. A differential input 
pair 101, 103 is input to a quadrature filter 105. The quadra 
ture filter 105 produces outputs that are 0 and 90 degrees in 
relation to one another. For example, a positive (+) input 101 
produces an output after passing through the quadrature filter 
105 of a first output (I) at 0° and a second output (Q) at 
90°. Similarly, the differential negative input 103 will pro 
duce a first output (I) at 180° and a second output (Q) at 
270°. A vector sum circuit 107 takes the quadrature differen 
tial outputs of the quadrature filter 105 and weights the I 
components 109 and the Q components 111. The weighted I 
and Q components are then Summed at Summer 113 to pro 
duce the I and Q outputs 115, 117 having the desired phase. 

FIG. 2 is an illustration 200 of computation of constant 
magnitude vector for a given phase. Circle 201 defines all 
phase values having a constant magnitude 207. The circle 201 
is bisected by the vertical Qaxis 203 and by horizontal I axis 
205 which intersect to define the center of circle 201. For a 
given angle 8, the point on circle 201 that the vector with 
magnitude 207 intersects the circle 201 is defined by an I 
component 213 and a Q component 211. The value of mag 
nitude 207 is determined by the Pythagorean Theorem 
according to: 

Mag=VI’+g? 

Angle 0 is therefore: 
Equation (1) 

0=arc tan(O/I) Equation (2) 

By selecting the I value 213 and the Q value 211, a vector 
having a constant magnitude 207 may be generated for any 
phase angle 8 between 0° and 360°. By way of example, 
where I is equal to one (1) and Q is equal to Zero(0), the 
resulting angle would be 0 degrees. If I is equal to 1/V2 and Q 
is equal to 1/V2, the resulting angle would be 45 degrees. 
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Summing the vectors at their properweights is accomplished 
by the vector sum circuit (107 shown in FIG. 1). 

FIG.3 is a block diagram showing a vector sum circuit 300 
according to an embodiment of the disclosure. A first differ 
ential input pair 301 provides a signal at 0° phase angle 305 
and a signal at 180°303. The signal at 0°305 represents the 
positive I component (I--) of the constant magnitude vector 
diagram shown in FIG. 2. The signal at 180°303 represents 
the negative I (I-) component of the constant magnitude 
vector diagram shown in FIG. 2. A second quadrature differ 
ential input pair 306 provides a signal at 270°308 and a signal 
at 90° 307. The signal at 270° 308 represents the negative Q 
(Q-) component of the constant magnitude vector diagram 
shown in FIG. 2. The signal at 90° 307 represents the positive 
Q component (Q+) of the constant magnitude vector diagram 
shown in FIG. 2. 
Each input 303, 305, 307, 308 is applied to three separate 

paths as shown in FIG. 3. Each path is defined by a plurality 
of cascode connected NPN transistors generally denoted as 
309, 311, and 313. As discussed below in greater detail, each 
cascode connected set of NPN transistors is controlled in 
order to steer current from the differential inputs 303, 305, 
307, 308 to one or more outputs 315, 317, 319. The current 
may be steered toward the first load, denoted V 319, the 
second load NV 317, or to the voltage rail V, 315. By 
selectively steering current from each input at 0.90, 180 and 
270 degrees, the weights of the positive and negative I and Q 
components may be controlled to provide a constant ampli 
tude vector for any desired phase angle. 

Input signal 301 at 0° is applied to cascode A309 which 
steers current to the Voltage rail V 315. Control signals at 
the base of each NPN transistorinthe cascode 309 determine 
the amount of current from the 0° input 301 that is shunted to 
the voltage rail V, 315. The shunted current does not reach 
the output nodes 317,319 of the vector sum circuit 300 and 
therefore, does not contribute to the phase angle of the result 
ing output vector. 

Input signal 301 at 0° is applied to cascode Bo 311 which 
steers current to the second load NVo 317. Control signals at 
the base of each NPN transistorin the cascode 311 determine 
the amount of current from the 0° input 301 that is directed to 
the second output node 317. The current applied to the second 
output node 317 contributes to the positive I component for 
determining the phase angle of the resulting output vector. 

Input signal 305 at 0° is applied to cascode Co. (313) which 
steers current to the first load V 319. Control signals at the 
base electrode of each NPN transistor in the cascode 309 
determine the amount of current from the 0° input 301 that 
will be shunted to the voltage rail. The current applied to the 
second cascode 311 and the third cascode 313 contributes to 
the positive I (I-) component in determining the phase angle 
of the resulting output vector. 
The inputs at 180° (303), 270° (308), and 90° (307) are 

applied to their corresponding cascodes A, B, C to selectively 
steer current to the selected output 315, 317,319 in a manner 
similar to that described above with regard to the input at 0° 
301. The input at 180° contributes to the negative I component 
(I-) of the resulting output vector. The input at 270° contrib 
utes to the negative Q component (Q-) of the resulting output 
vector. Finally, the input at 90° contributes to the positive Q 
component (Q+) of the resulting output vector. 
The described vector sum operation is performed through 

current steering of the cascodes 309, 311,313. This leaves the 
differential pairs connected to the quadrature filter (105 in 
FIG. 1) unchanged in terms of bias and loading for any given 
vector Sum state. Conventional vector Sum circuits control the 
bias of the differential pairs causing variation over different 
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4 
states. This causes undesired effects such as affecting the 
accuracy of the preceding quadrature filter, requiring extra 
calibration states to remove errors in the control states, and 
degradation in performance requiring the transistor pairs to 
be MOSFET devices in order to use the square law gain 
associated with them in order to give the proper gain steps. 
The disclosed vector Sum circuit topology may use hetero 
junction bipolar transistors (HBTs), for example, SiGe HBTs 
which have Superior performance. 

FIG. 4 is a schematic diagram of a vector sum circuit 400 
according to an exemplary embodiment. The circuit 400 
receives a first differential pair input with a first input 301 
having a phase of 0° (305) and a second input having a phase 
of 180° (303). The vector sum circuit also receives a second 
differential pair 306 with a first input of 270° (308) and a 
secondinput of 90° (307). The input at 0° (305) provides input 
to the emitters of a plurality of NPN transistors connected in 
a cascode fashion to create cascodes 309, 311, and 313. 
Each cascode 309, 311, 313 is comprised of seven NPN 
transistors labeled in rows as a-g. While the vector sum circuit 
shown in FIG. 4 depicts seven NPN transistors in each cas 
code, fewer or more NPN transistors may connected in a 
cascode configuration to define each cascode 309, 311, 313. 
Cascodes 309 and 311 receive the phase 0° input 305 via 
feed line 401 which connects each emitter of NPN transistors 
a-g of cascode 309 and cascode 311. Phase 0° input 305 
further connects the emitters of NPN transistors in cascode 
313 via feed line 403. The collectors of NPN transistors a-g 
in cascode 309 are connected to the voltage rail V, 315. 
The base of each NPN transistor of cascode 309 receives a 
control bit which causes the NPN transistor to either be in a 
conducting state or a non-conducting state. A control circuit 
(601, shown in FIG. 6) may provide a control word containing 
seven control bits applied to each NPN transistor a-g in cas 
code 309. By selectively controlling which NPN transistors 
a-gare conducting in each cascade 309, 311, 313, the amount 
of current flowing through the cascode can be controlled. 
Additionally, the emitter lengths of each NPN transistor may 
be selected to be different from other NPN transistors in the 
corresponding cascode 309, 311, 313. This provides finer 
control over the current allowed to pass through each cascade 
309,311,313. While current passing through cascode 309 is 
directed to the voltage rail V, 315, the current selectively 
passing through cascode 311o is directed to a negative output 
NV 317. Cascode 313 is configured such that current 
allowed to pass through cascode 313 is directed to a positive 
output terminal Vo 319. Negative output terminal NV 317 
and positive output terminal No 319 are separated by match 
ing circuits 417 and 419, respectively. By selectively applying 
specific control words to the base electrodes of the NPN 
transistors a-g of cascodes 309, 311, and 313, the amount 
of current being directed to the positive output terminal No 
319, and the negative output terminal NV 317 can be selec 
tively controlled. In addition, current may be shunted back to 
the voltage rail V, 315 through cascode 309. 

In similar fashion to the first input at phase 0° (305), the 
second input at 180° (303) is provided as input to feed line 
405 which is connected to the emitters of NPN transistors a-g 
making up cascode 311s. The input at 180° (303) also 
serves as an input via feed line 407 which is shared between 
cascode 309s and cascode 313s. Feed line 407 is com 
monly connected to each emitter of NPN transistor a-g of 
cascode 309s. Each collector of NPN transistora-g of cas 
code 309so is commonly connected to the Voltage rail V, 
315. Feed line 407 is further commonly connected to each 
emitter of NPN transistora-g of cascode 313 so. Each collec 
tor of NPN transistor a-g of cascode 313so is commonly 
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connected to the positive output terminal Vo 319. The base 
electrodes of each NPN transistor a-g in cascodes 309s. 
311 so and 313so are configured to receive a bit of a control 
word provided by a control circuit (not shown). Each control 
bit causes the corresponding NPN transistor to be in a con 
ductive state or a non-conductive state. When in a conductive 
state, the current provided by the input at 180°303 is directed 
to one of the voltage rail 315, the negative output node 317 or 
the positive output node 319 depending on the cascode 
309so, 311 so, 313 so that receives the corresponding con 
trol bit which operates to turn the NPN transistor“ON”. 

The input at phase 270 (308) is provided as input via feed 
line 409 to cascodes 3097 and 3117. The input at phase 
270° (308) is further provided as input to cascode 313 via 
feed line 411. A control word containing control bits is 
applied to the base electrodes of each NPN transistor a-g of 
cascodes 3097, 31127, 3137. Each control bit causes its 
corresponding NPN transistor to be in a conductive or a 
non-conductive state. Each conducting NPN transistors sup 
plies a portion of the current from the input at phase 270° 
(308) to either the voltage rail 315 via cascode 309, the 
negative output node 317 via cascode 3117 or the positive 
output node 319 via cascode 313. 
The input at phase 90° (307) is provided as input via feed 

line 415 to cascodes 309 and 313. The input at phase 270° 
is further provided as input to cascode 31127 via feed line 
413. A control word containing control bits is applied to the 
base electrodes of each NPN transistora-g of cascodes 309. 
311,313. Each control bit causes its corresponding NPN 
transistor to be in a conductive or a non-conductive state. 
Each conducting NPN transistors supplies a portion of the 
current from the input at phase 90° to either the voltage rail 
315 via cascode 309, the negative output node 317 via 
cascode 311 or the positive output node 319 via cascode 
313. 
By selecting each code word for each cascode 

3090,901sozo. 311ooo, isozo, and 313ooo so.27o the amount 
of current provided to each output may be controlled. By 
controlling the amount of current provided by each input 301, 
303, 305, 307 to the output nodes 317, 319, a phase vector 
having a constant magnitude may be generated for any phase 
angle between 0° and 359°. 
As discussed above, each of the cascodes 309, 311, 313 is 

digitally controlled in an “on” or “off” state. Although the 
cascodes 309,311,313 are intermixed in order to optimize the 
layout for size considerations, each vector (0°, 90°, 180°. 
270°) has seven control weights embodied by NPN transistors 
a-g which may have different emitter lengths. For each vector 
weight (i.e. a-g) there are three states. In the first state, current 
is directed to the voltage rail V, 315. In the second state, 
current is directed to the negative output terminal NV317. In 
the third state, current is directed to the positive output ter 
minal Vo 319. One and only one of the three states is selected 
for a given cascode vector weight. 

FIG. 5A(1), FIG. 5A(2), FIG. 5B(1) and FIG. 5B(2) show 
a table indicating the different states for each vector weight 
for a given output vector phase. In the leftmost column 
labeled as 501, 64 states are shown. States 0-31 are shown in 
FIG. 5A(1) and FIG. 5A(2), while states 32-63 are shown in 
FIG. 5B(1) and FIG. 5B(2). Each state corresponds to an 
output vector phase 503. As shown in the table of FIG. 5A(1), 
FIG. 5A(2), FIG. 5B(1) and FIG. 5B(2), the columns are 
grouped according to the differential pair inputs at 0° (505), 
90° (507), 180° (509) and 270° (511). FIG. 5A(1) and FIG. 
5B(1) show differential inputs 0° (505) and 90° (507). Con 
tinuing from left to right respectively, FIG. 5A(2) and FIG. 
5B(2) show differential inputs 180° (509) and 270° (511). 
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6 
Each input 505, 507, 509, 511 is further divided into seven 
columns (a-g), which correspond to the NPN transistors a-g 
for each cascode 309, 311, 313 shown in FIG. 4. For each 
possible output vector phase 503, one of the three possible 
states is specified for each weight level in each cascode. For 
example, referring to FIG. 4 in conjunction with FIG. 5A(1), 
FIG.5A(2), FIG. 5B(1) and FIG. 5B(2), the input at phase 0° 
(505) is applied via feed lines 401 and 403 which are con 
nected to the emitter of an NPN transistor in the “g row 
(shown in FIG. 4). Referring again to FIG. 5A(1) and FIG. 
5A(2), in order to generate an output vector phase of 0°, the 
current provided by the outputat phase 0° (505) is directed to 
the positive output terminal Vo 511 as shown in FIG. 5A(1) 
(highlighted as box 513). Similarly, referencing the table 
shown in 5A(1) and FIG.5A(2), in order to generate an output 
vector phase of 90°, the current provided by the input at phase 
0°505 is directed to the negative output terminal NV (high 
lighted as box 515). In order to generate an output vector 
phase of 180°, the current provided by the input at phase 0° is 
directed to the voltage rail V (highlighted as box 517) as 
shown in FIG.5B(1). Current from the inputat phase 0° (505) 
may be selectively directed to the appropriate output by pro 
viding a corresponding control signal to the base terminal of 
the NPN transistors in row “g corresponding to the 0° input 
(505). This is done by allowing the current to flow through the 
“g NPN transistor in one of the three cascodes associated 
with the 0° input (cascodes 309, 311 and 313 shown in 
FIG. 4). 
The method for directing the current from the input at 

phase 0° (305) to the positive output terminal V 319 will now 
be described with reference to FIG. 4. The input at phase 0° 
(305) is applied to the emitters of all of the NPN transistors 
making up cascodes 309, 311 and 313 via feed lines 401 
and 403. Each NPN transistor making up cascades 309,311 
and 313 also receive a control signal at their base electrode 
from a control circuit (not shown). The control signal applied 
to the base electrode of the NPN transistor places the NPN 
transistor in an ON or OFF state. In an ON state, the NPN 
transistor conducts between its emitter and collector termi 
nals. To direct current to the positive output terminal V 319 
from input 301, NPN transistor “g” of cascode 309, con 
nected to the voltage rail V, is placed in an OFF state. NPN 
transistor 'g' of cascode 311, connected to the negative 
output node 317 is also placed in an OFF state. In order to 
contribute current from the 0° input to the negative output 
terminal NV NPN transistor “g of cascode 313 connected 
to the positive output terminal V 319, is placed in an ON 
state. The potential applied to the emitter NPN transistor “g 
of cascode 313 flows as current through the emitter of NPN 
transistor“g through the collector to positive output terminal 
Vo 319, thereby providing a component of the output phase 
vector produced by vector sum circuit 400. Referring again to 
FIG. 5A and FIG. 5B, 64 possible output states each corre 
spond to a row in FIG. 5A for output vector phases between 0° 
and 179, and in FIG. 5B for output vector phases between 
180° and 359°. The rows indicate which output the current 
should be directed for each weight level corresponding to 
each input 505, 507, 509, 511 at each row a through g. 
The output vector phase 503 is controlled by selectively 

turning ON or OFF each NPN transistor in each cascode 309, 
311, 313. To provide fine control of the output vector phase 
503. NPN transistors a through g may be configured to have 
different emitter lengths, thereby providing varying weights 
to the current contributed at each weight level associated with 
each row a-g. By way of example, an exemplary embodiment 
provides that the emitter length of each NPN transistor in row 
'a' is 1 Lum. NPN transistors in row “b' of each cascode have 
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an emitter length of 2 um, NPN transistors in row “c” have an 
emitter length of 1.7 um, NPN transistors in row “d have an 
emitter length of 0.8 um, NPN transistors in row “e' have an 
emitter length of 1.3 um, NPN transistors in row “f have an 
emitter length of 1.2 Lum and NPN transistors in row “g have 
an emitter length of 2 um. These emitter lengths are provided 
by way of example only. It will be readily understood that 
other combinations of emitter lengths may be used and that 
the number of NPN transistors making up each cascode may 
be substituted or changed to Suit design needs. 

FIG. 6 is a plan view of an integrated circuit implementing 
the vector sum circuit shown in FIG. 4. Differential input 
pairs 301 and 306 provide an input signal at phases 0°, 180°, 
270° and 90°, respectively. The inputs 303,305,307, 308 are 
applied to the commonly connected emitters of a group of 
NPN transistors connected in a cascode configuration. NPN 
transistors making up each cascade 309, 311, 313 are con 
trolled by signals applied to the base electrodes of each NPN 
transistor. The control signals are generated by control cir 
cuits 601. The control circuits 601 may be configured to 
generate a multi bit control word. Each control bit may be 
encoded to controla NPN transistorata given weighting level 
within 4 cascode 309, 311, 313. The control bit may be 
encoded into signals that are applied to the base electrodes of 
corresponding NPN transistors such that only one of the 
transistors for the given weighting level is conducting while 
the remaining transistors are set to an off or non-conducting 
status. By selecting which cascode 309, 311, 313 is conduct 
ing, the amount of current being directed to each output node 
is controlled. Each input phase is connected to three cascodes 
309, 311,313. The first cascode 309 connects the input with 
the voltage rail V, when a corresponding NPN transistor is 
in a conducting state. The second cascode 311 connects the 
input with the negative output terminal NV when a corre 
sponding NPN transistor is in a conducting state. The third 
cascode 313 connects the input with the positive output ter 
minal Vo when a corresponding NPN transistor is in a con 
ducting state. By controlling each NPN transistor or each 
cascode, the current provided by each input 303,305,307308 
can be selectively directed to a desired output. The output 
may contribute to the output vector for a desired phase 
according to the table of FIG.5A and FIG. 5B, or the current 
could be shunted to the Voltage rail V, and not contribute a 
component to the output vector. 

FIG. 7 is a more detailed view of the cascodes of the 
integrated circuit shown in FIG. 6. The design of the circuit 
shown in FIG. 6 and FIG. 7 allow for the integrated circuit to 
provide fine control of the output vector phase while main 
taining a small footprint. For example, the integrated circuit 
shown in FIG. 6 has dimensions of 300 um by 350 lum. One 
means of conserving space is the sharing of feed lines from 
the input terminals. Referring to FIG. 7, feed lines 401, 407, 
409 and 415 are shown. Feedline 401 extends from input 305 
at phase 0° and lies between cascode 309 and 311. The 
emitter terminal of each NPN transistor in cascode 309 and 
cascode 311 are commonly connected to feed line 401. Feed 
line 407 extends from input 303 at phase 180° and lies 
between cascode 313s and cascode 309s. The emitter 
terminal of each NPN transistor in cascode 313s and cas 
code 309s are commonly connected to feed line 407. Feed 
line 409 extends from input 308 at phase 270° and lies 
between cascode 3137 and cascode 309s. The emitter 
terminal of each NPN transistor in cascode 313s and cas 
code 309s are commonly connected to feed line 407. 

Additionally, the capacitors associated with each base ter 
minal of each NPN transistor (shown in the schematic dia 
gram of FIG. 4) may be shared between corresponding NPN 
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8 
transistors of adjacent cascodes to conserve circuit area. 
Design considerations such as these allow for the use of NPN 
transistor which provide a higher transition frequency as 
compared to smaller devices such as MOSFETs in typical 
BiCMOS processes. The circuit components may be layered 
to provide the above circuit design features which allow for 
improved performance without requiring more space. 

FIG. 8 is a graphical diagram showing the output of a 
vector Sum circuit plotted at frequency versus phase angle. 
Plot 801 shows the phase angles output by the vector control 
circuit at frequencies ranging from 10 GHz to 50 GHz. As 
may be seen by the band 807 of output signals, the vector sum 
circuit provides 360 degrees of phase coverage across all 
frequencies. Inset 803 shows a more detailed section of the 
graph shown in plot 801, in particular, the output phases at an 
operating frequency of 16 GHZ are shown. As may be seen in 
inset 803, the range of output phases ranges from about -320 
to about -680 degrees, providing 360 degrees of output cov 
erage. Inset 805 shows in more detail, a section of the graph 
shown in plot 801, in particular, the output phases at an 
operating frequency of 40 GHZ are shown. As may be seen in 
inset 803, the range of output phases ranges from about -1.74 
kdeg to about -2.1 kdeg., providing 360 degrees of output 
coverage. 

FIG.9 is a graph showing the output of a vector sum circuit 
according to an embodiment of the disclosure showing fre 
quency versus gain change over the various output phase 
angles. At an operating frequency of 26 GHZ, the change in 
gain across all phase steps (shown as intersecting line 901) is 
only about -3.341 dB. Thus, the vector sum circuit according 
to an embodiment of the present disclosure provides phase 
control without undesired effects to the gain or noise in the 
channel. For this reason, the vector sum circuit described 
herein may be treated like any amplifier in the RF circuit, 
without the need for additional amplification to counter unde 
sirable gain effects and noise. 

Although the circuit and method have been described in 
terms of exemplary embodiments, they are not limited 
thereto. Rather, the appended claims should be construed 
broadly, to include other variants and embodiments of the 
disclosed circuit and method, which may be made by those 
skilled in the art without departing from the scope and range 
of equivalents. 
What is claimed is: 
1. A vector Sum circuit for producing a radio frequency 

(RF) output at a selectable phase offset, comprising: 
an RF input configured to receive a differential pair RF 

input; 
a quadrature network configured to produce an additional 

pair of RF inputs whose phase is advanced 90 degrees 
(90°) with reference to the differential pair RF input, 
thereby producing four RF input signals offset at 0.90°, 
180° and 270°: 

for each RF input signal, a set of three cascodes, each 
cascode comprising a plurality of NPN transistors, 
wherein an emitter electrode of each NPN transistor in 
each cascode is commonly connected to a corresponding 
RF input; 

a first output terminal connected to a collector electrode of 
each NPN transistor in a first cascode of the set of three 
cascodes for each RF input; 

a second output terminal connected to a collector electrode 
of each NPN transistor in a second cascode of the set of 
three cascodes for each RF input; and 

a voltage rail connected to a collector electrode of each 
NPN transistor in a third cascode of the set of three 
cascodes for each RF input, wherein a first output from 
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said first output terminal and a second output from said 
second output terminal combine to define an output sig 
nal that is a vector addition of said four RF input signals. 

2. The vector Sum circuit of claim 1, further comprising: 
two feed lines extending from each RF input, wherein a 

first feed line of the two feed lines is shared between two 
of the three cascodes associated with each RF input. 

3. The vector sum circuit of claim 1, further comprising a 
plurality of output lines extending from the collector elec 
trodes of the cascodes to one of the first output terminal, the 
second output terminal or the Voltage rail, wherein at least one 
of the output lines is shared between two cascodes associated 
with two of the RF inputs. 

4. The vector Sum circuit of claim 1, further comprising a 
control circuit, the control circuit configured to apply a bias 
voltage to a base electrode of each NPN transistor in each 
cascode, wherein the control circuit is further configured to 
provide bias voltage to the base electrodes of three corre 
sponding NPN transistors, the three corresponding NPN tran 
sistors being associated with one RF input to define a weight 
ing stage, and wherein the control circuit is configured to 
provide a bias voltage such that only one of the three corre 
sponding NPN transistors is in a conductive state at a given 
time. 

5. The vector sum circuit of claim 1, wherein each cascode 
comprises a plurality of NPN transistors connected in a cas 
code configuration and wherein each NPN transistor corre 
sponds to a weighting stage for said cascode, and whereinfor 
each set of three cascodes corresponding to one RF input, 
each one of the three cascodes has the same number of NPN 
transistors with each NPN transistor in the first cascode cor 
responding to an NPN transistor of the second and third 
cascode to define a weighting stage for an associated RF 
input. 

6. The vector sum circuit of claim 1, wherein said NPN 
transistors are SiGe heterojunction bipolar transistors. 

7. The vector sum circuit of claim 1, wherein said vector 
Sum circuit is disposed in an area having dimensions of about 
300 m by about 350 m. 

8. A method of controlling phase in a vector Sum circuit 
comprising the steps of 

applying a differential pair radio frequency (RF) input to a 
quadrature filter to produce two sets of differential input 
pair that are offset by 90° with respect to each other; 

for each input in the two sets of differential inputs, applying 
the input to three cascodes, wherein a first cascode in 
connected to a first output load of the vector Sum circuit, 
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10 
a second cascode is connected to a second output load of 
the vector Sum circuit, and a third cascode is connected 
to a Voltage rail; 

digitally controlling each cascode Such that a selected first 
portion of each input is steered to said first output load, 
a selected second portion of the input is steered to said 
second output load and a selected third portion of the 
input is steered to the Voltage rail; and 

combining the selected first portion of each input in the two 
sets of differential inputs to produce a constant magni 
tude output having a selected phase shift that is an addi 
tion of the vectors of each input in the two sets of dif 
ferential inputs. 

9. The method of claim 8, wherein each of said cascodes 
comprises a plurality of NPN transistors connected in a cas 
code configuration and each of said plurality of NPN transis 
tors has an associated weight, and wherein said method fur 
ther comprises: 

applying a control signal to the base electrode of each NPN 
transistor of each cascode such that for a given NPN 
transistor weight only one of said first cascode, second 
cascode and third cascode receives a control signal to 
place the NPN transistor into a conductive state. 

10. The method of claim 9, further comprising: 
generating, in a control circuit, a multi-bit control word; 
decoding each bit in the multi-bit control word to produce 

an input signal; 
applying the input signal to the base electrode of a NPN 

transistor associated with a given weight in each of said 
first, second, and third cascodes. 

11. The method of claim 9, further comprising: 
steering each input of said input differential pairs in pro 

portions to produce a constant magnitude output having 
a pre-selected phase shift. 

12. The method of claim 8, wherein applying the input to 
the three cascodes further comprises the step of: 

applying the input to commonly connected emitter elec 
trodes of each NPN transistor comprising said first cas 
code, said second cascode and said third cascode. 

13. The method of claim 12, further comprising applying 
the input to a feed line connected to the emitter electrodes of 
at least two of said first cascode, said second cascode and said 
third cascode. 


